There was a fourth death due to leukaemia in a man assigned for less than two years to the chlorohydrin unit. Statistically significant trends with duration of assignment to the chlorohydrin unit were found for both diseases. The chlorohydrin unit workers were a subset of men assigned to departments producing or using ethylene oxide. The ethylene oxide cohort was drawn from over 29 000 Union Carbide employees in three facilities in the Kanawha Valley, who were included in a previous cohort study. 2 The chlorohydrin unit primarily produced ethylene chlorohydrin from ethylene and chlorine and produced ethylene dichloride (1,2-dichloroethane) and bis-chloroethyl ether as byproducts. Ethylene oxide was intermittently used in this unit to produce these needed byproducts and for special production of ethylene chlorohydrin by an alternative process. The chlorohydrin unit was therefore classified in the study of 1979 and the end of 1988 (0-9 expected), resulting in an almost fivefold excess of deaths due to this cause. The persistance of an excess over a further 10 years of observation strengthens the evidence for a work related effect. There have not been any additional deaths from leukaemia, but the three to fourfold increased risk for lymphatic and haematopoietic cancers has remained at the same level, due to new cases of non-Hodgkin's lymphoma and a death due to multiple myeloma (0-3 expected). The large excesses and trends with duration of assignment to this unit, after controlling for major potential confounders by comparisons with unexposed workers in the same geographic region, provide strong evidence that the adverse effects are related to exposures in the chlorohydrin unit.
Other studies of men assigned to ethylene oxide production by the chlorohydrin process may have included men who also had assignments to chlorohydrin production units, but these men were not analysed separately." In some cases it was impossible to do so because the two processes, chlorohydrin production and ethylene oxide production (by the chlorohydrin process), were in a single unit. The chlorohydrin unit findings show that confounding can occur in studies of ethylene oxide workers in the manufacturing setting and also show the necessity for cautious interpretation.
The challenge remains to identify the carcinogens present in the chlorohydrin unit, which produced several chemicals and involved numerous others as raw materials and byproducts, including ethylene oxide. Greenberg et al concluded that ethylene oxide did not play a part in the chlorohydrin unit findings, because it was used sporadically and in low volume in the chlorohydrin unit and because the remaining ethylene oxide study cohort did not exhibit similar excesses.' The results of the internal comparisons of the chlorohydrin unit workers with the remaining ethylene oxide workers support this conclusion. Also, the men included in the 10 year update of the ethylene oxide workers never assigned to the chlorohydrin unit experienced a deficit of deaths due to pancreatic and lymphopoietic tissue cancers and the number of deaths due to leukaemia (five observed) was similar to that expected (4 7).3
The chlorohydrin unit primarily produced ethylene and propylene chlorohydrin. During the period when the cases of pancreatic cancer and leukaemia were first assigned to the unit, ethylene chloro-hydrin was produced in the largest volume or was the only chemical produced. Only two of the cases were still working after 1957, when production of ethylene chlorohydrin ceased and production of propylene chlorohydrin expanded. These were closely related processes, however, with chemically related byproducts. Company industrial hygiene data were not available until the late 1970s. Retired industrial hygienists recall that the chlorohydrin unit existed in a closed building, at least until about 1949. The technology at the time limited the effectiveness of mechanical ventilation, creating reliance primarily on natural air exchange. Strong odours were prevalent well into the 1950s.
The findings are best interpreted in the context of the evidence related to the toxicity of the three chemicals involved in the production of ethylene chlorohydrin and exposure potential. Ethylene chlorohydrin, ethylene dichloride, and bis-chloroethyl ether are solvents which can penetrate the skin.9-1 Bis-chloroethyl ether is acutely toxic and highly irritating to the skin, eyes, nose, and respiratory passages in humans. It has a pungent odour, detectable at low concentrations (about 0 049 ppm). It has been positive in some mutagenicity tests and has caused liver hepatomas in two strains of male mice. These results are not considered conclusive evidence because mouse liver hepatomas are questioned as a reliable indicator of carcinogenicity. The International Agency for Research on Cancer has classified bis-chloroethyl ether as group 3 ("not classifiable as to its carcinogenicity to humans"). ' 2 Tumours have been induced by ethylene dichloride in both rats and mice by the dermal and oral routes, but not by inhalation. Ethylene dichloride has been shown to produce an increased incidence of haemangiosarcomas of the spleen, liver, pancreas, and adrenal gland in a mouse gavage study. It also affects the immune and haematopoietic systems."3 Most people can detect ethylene dichloride at about 6 ppm. The IARC has classified ethylene dichloride as group 2B ("possibly carcinogenic to humans").'2 Ethylene chlorohydrin has not been associated with the occurrence of tumours in animal studies. It is, however, acutely toxic at low concentrations." The odour threshhold is 0-4 ppm.
Hogstedt et al' estimated exposure concentrations, based on production of ethylene chlorohydrin in the 1940s at an old Swedish processing plant, to be 1-5 ppm for ethylene chlorohydrin, 24-7 ppm for ethylene dichloride, and 0-0086 ppm for bischloroethyl ether, well above the odour threshholds for all three chemicals. Production levels were not reported. Chlorohydrin unit efficiency records at the South Charleston plant for January 1946 also document that ethylene dichloride was the major byproduct (1 8 million lb v 0-2 million lb for bischloroethyl ether). 
